Arsenic, an environmental and industrial pollutant causes female reproductive disturbances and female infertility. Several researchers found that the use of Camellia sinensis (CS) (green tea) is effective as an alternative therapeutic strategy in the management of several health ailments. This study explores the role of CS extract against arsenic-induced rat uterine tissue damage. Methanolic extract of CS (10 mg/kg BW) was tested concomitantly in arsenic-treated (10 mg/kg BW) rats for a duration of two-oestrous cycle length (8 days). CS effectively attenuated arsenic-induced antioxidantdepletion and necrosis in uterine tissue. Rats treated with sodium arsenite showed significantly reduced activities of enzymatic antioxidants like superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPx) in uterine tissue as evidenced by the results of spectrophotometric and electrozymographic analysis. Co-administration of CS significantly reversed the above oxidative stress markers in uterine tissue along with the histopathological changes in ovarian and uterine tissue. Moreover, an increase in the level of transcription factor NF-κB in the uterine tissue in association with reduced serum levels of vitamin B 12 and folic acid were mitigated in arsenic fed rats following CS co-administration. 
Introduction
Arsenic a heavy metal and toxic element widely distributed in the environment. Arsenic in drinking water is being a major health problem all over the world (Drličková et al. 2013) . Long term exposure to arsenic causes lung, skin, liver and kidney cancer (IARC Working Group et al. 2004) . Arsenic intoxication during pregnancy may cause stillbirth. Damage of DNA and chromosomal aberration has been also reported during arsenic toxicity (Mazumder and Dasgupta 2011) . Previous studies revealed that long term arsenic exposure in animal exhibited reproductive hazards, including the changes of ovarian and testicular steroidogenesis, arrestation of spermatogenesis and folliculogenesis (Sarkar et al. 2003; Chattopadhyay and Ghosh 2010) . Reactive oxygen species (ROS) may lead to DNA strand breaks, deletion mutation, micronuclei formation and chromatid exchange (Bau et al. 2002; Kitchin and Wallace 2008) . Chronic exposure in humans elevates the necrotic indicator lactate dehydrogenase (LDH) (Calderon et al. 2001 ). Management of arsenicmediated chronic health hazards primarily depends on the chelation therapy where British Anti Lewisite (BAL) and Dimercaptosulfonic acid (DMSA) are extensively used. But the long-term treatment strategy with these chelating agents is questionable because of its painful intramuscular mode of treatment. These agents also generate several moderate to severe side effects (Flora et al. 2007 ) among the patients. Hence, the mitigation of arsenic toxicity with the use of a safe, non-invasive strategy is becoming a new challenge. Several investigators used different antioxidants and plant products to counteract arsenic toxicity. Vitamin C, vitamin E, selenium and reduced glutathione (GSH) play pivotal role in maintaining normal ovarian and uterine activities in arsenic-treated rats (Chattopadhyay et al. 2001) . Seed extract of Moringa oleifera (Sajina seed) has been proven to actively strengthen the hepatoprotective and antioxidative efficiencies in rats exposed to arsenic (Chattopadhyay et al. 2011) . Camellia sinensis (CS), belonging to Theaceae family, contains polyphenolic compound such as epicatechin (EC), epicatechin-3-gallate (ECG), epigallocatechin (EGC) and epigallocatechin-3-gallate (EGCG) and these polyphenols have anti-carcinogenic and anti-mutagenic activities (Yang et al. 1998) . The most abundant CS polyphenol, EGCG has antioxidant capac-ity, which attenuates arsenic-induced cardiotoxicity in rats (Sun et al. 2016) . EGCG also protects doxorubicin induced cardiotoxicity by suppressing oxidative stress, inflammation and apoptosis signals (Saeed et al. 2015) .
Aqueous extract of CS leaves showed protective effects against arsenic-induced toxicity and lipid peroxide production in experimental rats (Messarah et al. 2013) . Green tea strongly prevents arsenic-induced apoptosis, degeneration and mutagenic DNA damage in liver cells of experimental animal (Acharyya et al. 2014) . Considering the above benefits, here we planned to investigate the defensive role of methanolic extract of C. sinensis on arsenic-induced uterine disorder in experimental animal model.
Materials and Methods

Chemicals
Green tea was collected from local market. The standard rat pellet was obtained from the SAHA Enterprise (Kolkata, India). Vitamin B 12 , folic acid, NF-κB and metallothionine ELISA kit were purchased from the Wuhan fine test, China. Sodium arsenite, chloroform, cyclohexane, hydrogen peroxide, phenol, ethanol and methanol were obtained from SDFCL India. Nitro-blue tetrazolium, nicotinamide adenine dinucleotide, agarose, Tris-base, sodium acetate, nicotinamide adenine dinucleotide phosphate, potassium phosphate and sodium lactate were supplied by SRL (Mumbai, India). Riboflavin was obtained from Loba Chemical (Mumbai, India). Potassium ferricyanide and ethidium bromide were supplied by Merck (Mumbai, India). Ferric chloride, hematoxyline and eosin were obtained from Qualigens (India). Testosterone was obtained from Himedia (India).
Preparation of green tea methanolic extract
Collected green tea leaves were allowed to dry in an incubator for two days at 40 °C. Dry leaves were crushed and powdered in an electric grinder. This tea powder (500 g) was dissolved in 1000 ml solvent containing 80% methanol and 20% distilled water and followed by mixing in a shaker for two days. After two days the liquid extract was filtered and transferred in a beaker. The liquid deep brown extract was evaporated and preserved in dry powdered form. This dry powder was dissolved in distilled water before treatment in rat.
Animal selection and care
In this experiment 24 adult female albino rats (6 weeks of age and 90-110 g body weight) were acclimatized for 8 days at 12 h light-dark cycle with 32 ± 2 °C temperature and 50-70% humidity in the institutional animal house. Animals were purchased from approved animal provider 'Saha Enterprise' (Kolkata, West Bengal). This study was approved by the Institutional Ethics Committee (IEC/7-4/C-4/16), and all assay procedures were executed by following the guidelines of the Committee for the Purpose of Control and Supervision of Experiments on Animals (CPCSEA), India. Rats were placed in polycarbonate cages and fed with a standard pellet diet (Saha Enterprise, India) and water ad libitum. Rats were equally distributed in four groups. Control group received distilled water as vehicle. Arsenic treated rats received 10 mg of sodium arsenite /kg body weight by gavage. Another group was administered with only CS extract by gavage at a dose of 100 mg/kg body weight. Remaining group of rats was co-administered with the same dose of CS extract along with sodium arsenite for 8 days. Prior to the experiment, the estrous cycle of the rats was synchronized by ethynyl oestradiol and the experiment was started at estrous phase. During the entire schedule of treatment body weight of all rats and pattern of estrous cycle were noted. On day nine, rats were sacrificed, and different organs were dissected out for biochemical and histological examinations. All biological samples, including collected serum, were preserved at -20 °C in several aliquots for further analysis.
Assessment of malondialdehyde (MDA) and conjugated dienes (CD) levels
MDA was determined by the reaction against thiobarbituric acid. The amount of MDA formed was measured (Devasagayam et al. 2003) at the absorbance at 530 nm (ε = 1.56 × 10 5 mol −1 cm −1
). The CD was measured by standard technique where lipids were extracted in presence of chloroform and methanol at the ratio of 2:1 and centrifuged at 1000 g for 5 min. Lipid residues were then dissolved in 1.5 ml of cyclohexane and the absorbance was then measured at 233 nm to determine the amount of hydroperoxides formed (Kumar 2012) .
Assessment of uterine, non-protein, soluble thiol (NPSH)
Uterine tissue was homogenized in ice cold PBS (0.1 M, pH 7.4) and centrifuged at 10 000 g for 10 min at 4 °C. The supernatant was then used for the determination of NPSH by standard DTNB (5, 5"-dithiobis-2-nitrobenzoic acid) method with a slight change. Here, precipitation of protein was obtained by sulfosalicialic acid and supernatant was mixed with 0.1 M sodium phosphate buffer containing DTNB. Finally, the absorbance was taken at 412 nm (Mieyal et al. 2008) .
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Assessment of superoxide dismutase (SOD), catalase (CAT), peroxidase and lactate dehydrogenase (LDH) in native gel
To determine SOD activity, homogenized uterine tissue in ice cold PBS (1.0 mM pH 7.4) was centrifuged at 10 000 g for 20 min at 4 °C. The 40 µg of the tissue protein extract was added to the 12% PAGE. Achromatic bands were achieved against a dark blue background following light exposure in the presence of nitro-blue tetrazolium and riboflavin (Weydert and Cullen 2010) .
Proteins (60 µg) were electrophoresed on 8% PAGE to measure catalase activity in uterine tissue extract. Gels were kept at 0.003% H 2 O 2 solution for 10 min and stained with 2% potassium ferricyanide and 2% ferric chloride. Bluish yellow bands were observed against a blue, green background (Lewis et al. 2005) .
For the determination of GPx activity, native PAGE (8%) was used. The level of GPx was determined by the removal of peroxide for the transformation of potassium ferricyanide to ferrocyanide between samples. Elimination of peroxide by GPx inhibited the combination with ferric chloride, which allowed the appearance of the achromatic clear band on the green-blue gel where GPx was present (Liu et al. 2006) .
A 8.0% agarose gel in 50 mM Tris-HCl buffer (pH 8.2) was used for the detection of serum LDH enzyme. Serum (20 μl) was loaded into the gel to electrophorese at 170 volts. Agarose gel was stained by using a cocktail of 1.0 M Tris, tetrazolium blue, phenazine methosulphate, Na-lactate and NAD. And then incubated at 37 °C to mature the colour reaction following rinsing the gels under water in the presence of light (Brandt et al. 1987 ).
DNA fragmentation study
Uterine tissue was used: it was lysed with 500 µl of lysis buffer and centrifuged (12 000 rpm) at 4 °C for 15 min. Supernatant was then mixed with 1:1 mixture of phenol and chloroform with a gentle agitation for 5 minutes, followed by centrifugation and precipitation in two parts of cold ethanol and one-tenth part of sodium acetate. After spinning down and decanting, the precipitate was resuspended in 30 µl of deionized water, 5 µl of RNAase solution and 5 µl of loading buffer followed by an incubation for 30 min at 37 °C. Then the samples were run in 0.8% agarose gel with ethidium bromide at 65 V and visualized in the BioRad gel documentation system (Garcia-Martinez et al. 1993 ).
Comet assay
Glass slides were precoated with 1% agarose. A combination of 7.5 ml of low melting point agarose (0.6%) in PBS at 37 °C and 2.5 ml of uterine cell suspension was prepared before placing the cell suspension on the agarose coated glass slide and electrophoresed with alkaline electrophoresis buffer (0.3 M NaOH and 1 mM EDTA) for 30 min at 25 V. Then the slides were stained with ethidium bromide and observed under a fluorescence microscope (Nikon Eclipse LV 100 POL), with the VisComet Impuls Bild Analyse software (Singh et al. 1988 ).
Assay of ovarian 17beta-hydroxysteroid dehydrogenase (17β-HSD) activity
Assessment of ovarian 17β-HSD activity was performed by the homogenization of ovarian tissue at 4 °C in 20% spectroscopic grade glycerol containing 5 mM potassium phosphate and 1 mM EDTA at a tissue concentration of 10 mg/ml. Residual supernatant was mixed with 25 mg of crystalline BSA, 0.3 μM of testosterone and 1.1 μM of NADP and the absorbance was read at 340 nm against blank (Jarabak et al. 1962 ).
Analysis of vitamin B 12 , folic acid and NF-κB and metallothionein (MT-I)
The serum levels of vitamin B 12 (Cat no. ER1579), folic acid (Cat no. EU0381), NF-κB (Cat no. ER1579) and metallothionein (Cat no. ER0447) were measured by ELISA technique according to the procedure recommended by the manufacturer (Wunhan Fine Test, China).
Serum hormone levels and histology of ovary and uterus
Serum level of oestradiol was measured by ELISA kits (Cat no. ER1507), according to the procedures recommended by the manufacturer (Wunhan Fine test, China).
Uterine and ovarian tissues were embedded in paraffin, sectioned with 5 µm thickness, and then stained with haematoxylin (Harris) and eosin and observed under a light microscope (Olympus, CX21i; magnification x 400).
Statistical analysis
Data were expressed in terms of mean ± SE, where n = 6 in all groups. Arsenic and CS co-administered groups were compared with the control by utilizing ANOVA followed by post-hoc Dunnett's multiple comparison test. Statistical significance was considered at the level of p<0.05.
Results
General observations
No significant difference was found in their body weight between the control, arsenic-treated and CS co-administered group before and after treatment (Table 1) . Here, organo-somatic indices are expressed by the weight of the organs in terms of the percentage of body mass. In case of arsenic-treated group, the weight of the reproductive organs was significantly decreased in comparison to control (Table 1) . Co-treatment with C. sinensis (CS) attenuated this deleterious effect of arsenic.
Pattern of vaginal smear
The pattern of estrous cycle was noticed during the entire experimental schedule. Vaginal fluid was collected regularly, and was stained with Leishman stain. Results showed that rats continuously shifted towards consistent metestrous or diestrous phase after the first 4 days of treatment with arsenic (Fig. 1) . Maintenance of normal estrous cycle was achieved by application of methanolic extract of CS in arsenic ingested rats (Fig. 1) .
Status of oxidative stress markers
Uterine MDA and CD showed a significant elevation in rats fed with sodium arsenite (Table 2) . Adminsitration of methanolic extract of CS to the arsenic treated rats caused a significant improvement of this lipid peroxidation state in the uterus (Table 2) . NPSH was significantly reduced following the ingestion of arsenic whereas CS co-administration in arsenic fed rats caused significant reverseal of this parameter ( Table 2) .
Electrozymogram of SOD, catalase and GPx in uterine tissue showed comparatively weaker band strength in the arsenic treated group compared to control (Fig. 2) . On the other hand, intense band strength was seen in CS and arsenic treated rats. Serum LDH zymogram was obtained to assess the necrotic risk factor. In arsenic-treated group a very strong band of LDH was observed in contrast to 15.46 ± 0.33 6.12 ± 0.31*** 14.58 ± 0.35 14 ± 0.66 Table 2 . The defensive role of methanolic extract of CS on arsenic affected rats on the status of free radical generation and NPSH. Data represent mean ± SE where N=6 evaluated by ANOVA followed by post-hoc Dunnett's multiple comparison test. Statistical significance was considered at the level of ***p<0.001, and **p<0.01. 
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control group (Fig. 2) . This nature of the band was substituted by a weaker expression pattern when arsenic-treated rats were co-ingested with CS extract (Fig. 2) .
Status of uterine DNA
Arsenic exposure lead to DNA damage, but supplementation of CS extract had a beneficial effect against this damage (Fig. 3A) . The DNA degradation was more prominent in arsenic-treated rats compared to control rats (Fig 3A) . Migration of the exposed DNA occurred with the less intense band in arsenic-treated rats in comparison to control DNA as evidenced from densitometric analysis (Fig. 3A) . However, this damage recovered successfully in the CS supplemented group (Fig. 3A) . Comet assay showed that arsenic-treated uterine DNA cells were degraded and broken (Fig. 3B) . This was finally restrained by the supplementation of CS extract as demonstrated from the comparatively less number of comets in this group (Fig. 3B) .
Ovarian steroidogenesis and histopathology of ovary and uterus
A notable inhibition in the activity of ovarian 17β HSD was observed in arsenic exposed rats compared with control, while co-administration of CS extract significantly protected the activity of this steroidogenic enzyme (Table 3) .
A diminished oestradiol level was observed following 8 days of arsenic treatment in comparison with control (Table 3) . On the contrary, CS co-treatment in arsenic fed rats increased this hormonal signalling (Table 3) . Table 4 . Effect of methanolic extract of CS on vitamins, NF-κB, and metallothionein level of arsenic-treated rats. The data represent mean ± SE, N=6, ANOVA followed by post-hoc Dunnett's multiple comparison test. Statistical significance was considered at the level of, ***p<0.001, and **p<0.01. Normal uterine histology is composed of three layers, the inner one is endometrium, middle layer is myometrium and the outer layer is serosa (Fig. 4) . Following the exposure of arsenic there was a thinning of the uterine layer along with a remarkable loss of uterine secretory glands in the arsenic ingested group (Fig. 4) . CS supplementation reverts back the above degeneration of the uterine layers towards normalcy (Fig. 4) .
Significant shrinkage or decrease in the number of graafian follicles, with a higher degree of follicular regression and follicular atresia, was seen in the arsenic treated rats compared to the controls (Fig. 4) . Supplementation with CS extract resulted in significant reappearance of a growing number of developing follicles followed by lesser number of immature follicles (Fig. 4) .
Status of vitamin B 12 , folic acid, NF-κB and metallothionein (MT-I)
There was a decreased level of vitamin B 12 and folic acid in arsenic-treated group when compared to the control rats (Table 4) . Methanolic extract of CS significantly reversed this effect. A notable elevation of uterine NF-κB was also noted in arsenic-treated group (Table 4) while co-administration of the CS methanolic extract significantly reduced the level of this transcription factor towards normalcy. We also assessed metallothionein in the liver to bio-monitor the deposition of this metalloid in tissue. The result showed an increase level of MT-1 in As III treated group compared to control group (Table 4) . Supplementation with CS methanolic extract significantly decreased this elevation of hepatic MT-1 level.
Discussion
Our results showed a low-level expression of SOD, catalase and GPx as faint bands in Figure 2 in arsenic fed rats compared to the control. SOD, catalase and GPx are considered as the first line of defense against oxidative injury at the cellular level. The NPSH, precursor of GSH, was significantly deprived by arsenic and was returned towards control level when the arsenicated rats received methanolic extract of CS (Table 2) . Hence, increased level of free radical generation and diminished enzymatic antioxidant activity in arsenic exposed rats may lead to DNA damage due to the formation of H 2 O 2 and arsenic peroxyl radicals (Maiti et al. 2012) . Elevated uterine MDA and CD levels ( Table 2 ) indicated an increase in lipid peroxidation. Endometrium is the potential site in the female reproductive organ for the generation of superoxide anions (Akram et al. 2010) , and arsenic has been shown to induce endometrial carcinogenicity or cellular toxicity that may lead to cell death (Du et al. 2012) .
In our experiment arsenic-treated rats lost their normal estrous cyclicity (Fig. 1) and moved towards consistent diestrous phase along with the reduced weight of ovary and uterus (Table 1) . Reduced activity of steroidogenic enzyme 17β-HSD may result in suppression of oestradiol (E 2 ) signalling (Table 3) . Suppression of E 2 (Table 3) and deterioration of follicular maturation (Fig. 4 ) in response to As III lead to cellular degeneration in uterine layers (Fig.  4) . Several studies demonstrated that during ovarian aging high level of ROS is responsible for DNA damage (Gore-Langton and Daniel 1990) . Reactive oxygen species play a critical role in the alteration of physiological and reproductive functions like oocyte maturation and luteolysis. Arsenic probably binds to estrogen receptor (ER) and inhibits E 2 binding to the estrogen receptor alpha (ERα) (Bae-Jump et al. 2008) . Exposure to arsenic caused a degradation of circulating levels of vitamin B 12 and folate, (Table 4) . These two vitamins are indispensable to protect the reproductive organs from necrosis and have a protective role by diminishing serum LDH level ( Fig  2D) as a consequence of an inverse relationship between the serum LDH activities and serum vitamin B 12 -folate levels (Maity et al. 2017) . LDH expression was noticeably elevated (Fig. 2D ) in arsenic fed rats since As III is directly linked to the development of necrosis (Karim et al. 2010) .
The liver is the most sensitive to arsenic and is the site of the synthesis of low molecular weight, cysteine rich metal binding antioxidant, MT, in response. MT-1 is required to ensure protection against arsenic toxicity and has an important role in heavy metal detoxification as well as essential metal homeostasis (Cai et al. 2006) . The maintenance of cellular MT-I level is regulated by IKK-NF-κB pathway which suspends the generation of ROS. ROS driven apoptosis is attributed to the failure of IKK-NF-κB (Peng et al. 2007) . A high uterine NF-κB in arsenic exposed group (Table 4 ) was in accordance with reports on arsenic damaging the tissue via activation of NF-κB signalling pathway (Felix et al. 2005) . The level of MT-I was normalized in presence of CS co-administration (Table 4) . There is apparently an inverse correlation between MT and ER (Ioachim et al. 2000) , as MT gene is potentially down-regulated by ERα (Surowiak et al. 2005) , and arsenic trioxide has been supposed to exert anti-estrogenic activity by down regulating the expression of ERα (Bae-Jump et al. 2008) .
Co-administration of methanolic CS extraction can reverse uterine ROS production with a concomitant repairing of the anti-oxidant enzyme activities (Fig. 2) in arsenic treated rats. The methanolic CS extract significantly reduced uterine DNA degradation in arsenic fed rats (Fig. 3A-B) . The mechanism of counteracting arsenic-mediated uterine damage might be linked to the antioxidant, scavenging and chelating properties of C. sinensis (CS) (Cao et al. 2015) . It was established that methanolic and water extracts of C. sinensis contain an enormous amount of catechins and flavonoids (Noor 2016) . Catechins, present in green tea, have a strong scavenging capacity against superoxide, hydrogen peroxide, hydroxyl radicals. They have the ability to chelate with metals because of the presence of catechol structural motif (El-Shahat et al. 2009 ). EGCG-3 and EGC are the most abundant and important polyphenols scavenging a wide range of free radicals including the active hydroxyl; and the chemical structure of catechins play a crucial role in their antioxidant effect (Skrzydlewska et al. 2005) . The anti-oxidative, anti-apoptotic, and metal chelating properties of EGC are helpful to suppress the generation of arsenic-induced oxidative stress (Rice-Evans et al. 1996; Guo et al. 1996) . However, our experiment showed that green tea protects uterine tissue from a state of redox imbalance by up regulating enzymatic antioxidants (Fig. 2) .
Co-administration with CS could significantly normalize the activity of LDH (Fig. 2) . CS supplementation may effectively rescue the uterus from apoptotic degeneration and this was indicated from the weakened band intensity of serum LDH compared to arsenic-treated rats (Fig. 2) . The presence of the pyrogallol motif in EGCG conveys its strong metal chelating ability. Supplementation with CS extract resulted in comparatively lower level of NF-κB, similar to control. EGCG 3 can block NF-κB activation by downregulation of NF-κB kinase in the intestinal epithelial cell line IEC-6 (Yang et al. 2001) . In this study arsenic-mediated apoptotic and necrotic processes were detected by single cell DNA assay and DNA fragmentation picture (Fig. 3, lane 2) . CS co-treatment significantly reduced DNA degradation and this may highlight the efficacy of CS polyphenols to protect the cells from arsenic-mediated mutagenic DNA breakage and tissue necrosis (Ndiaye et al. 2005) . Supplementation with CS was able to maintain the circulating level of vitamin B 12 and folic acid in arsenicated rats (Table  4) . Previous studies showed that vitamin B 12 is present in green tea (Kittaka-Katsura et al. 2004 ) Vitamin B 12 and folate maintain the level of endogenous methionine where folic acid acts as methyl group donor and vitamin B 12 act as co-factor for the synthesis of methionine (Sahin et al. 2003) . Therefore, CS mediated maintenance of these vitamins contributes to the attenuation of arsenic toxicity, and so, to the prevention of reproductive organ necrosis. It is confirmed from the above information that CS has a protective effect against oxidative stress induced ovarian and uterine damage by the rebuilding the normal uterine and ovarian histological structure. Co-administration with CS significantly increased plasma oestradiol level and ovarian 17β-HSD activity and that was helpful for the restoration of normal histoarchitecture of ovary and uterus (Fig. 4) .
From the above study, we may conclude that green tea methanolic extract has a potential role to improve uterine anti-oxidant defense system and restore normal ovarian-uterine histoarchitecture either by its chelating action with arsenic or by sustaining B vitamins.
